Menaquinones were the only isoprenoid quinones found in 85 of the 95 coryneform bacteria examined. Dihydromenaquinones having nine isoprene units were the main components isolated from Corynebacterium bovis, from other glutamic acid-producing strains, and from Arthrobacter globiformis and related species. Dihydromenaquinones with eight isoprene units were found in Brevibacterium linens, the remaining Corynebacterium species and strains probably belonging to the genus Rhodococcus. Tetrahydromenaquinones with eight isoprene units were found in Arthrobacter simplex and Arthrobacter tumescens, and with nine isoprene units in Cellulomonas and Oerskovia. Kurthiu and Curtobacterium were characterized by menaquinones with seven and nine isoprene units, respectively, and Microbacterium lacticum and Corynebacterium aquaticum had comparable amounts of menaquinones with 10 and 11 isoprene units. Strains received as Brevibacterium leucinophagum, Corynebacterium autotrophicurn, Corynebacterium nephridii, Mycobacterium jlavurn, Mycoplana rubru and Protaminobucter ruber contained ubiquinones as their sole isoprenoid quinones. The isoprenoid quinone data correlate well with major trends in coryneform taxonomy and are of value in the classification of coryneform and related bacteria.
Menaquinones were the only isoprenoid quinones found in 85 of the 95 coryneform bacteria examined. Dihydromenaquinones having nine isoprene units were the main components isolated from Corynebacterium bovis, from other glutamic acid-producing strains, and from Arthrobacter globiformis and related species. Dihydromenaquinones with eight isoprene units were found in Brevibacterium linens, the remaining Corynebacterium species and strains probably belonging to the genus Rhodococcus. Tetrahydromenaquinones with eight isoprene units were found in Arthrobacter simplex and Arthrobacter tumescens, and with nine isoprene units in Cellulomonas and Oerskovia. Kurthiu and Curtobacterium were characterized by menaquinones with seven and nine isoprene units, respectively, and Microbacterium lacticum and Corynebacterium aquaticum had comparable amounts of menaquinones with 10 and 11 isoprene units. Strains received as Brevibacterium leucinophagum, Corynebacterium autotrophicurn, Corynebacterium nephridii, Mycobacterium jlavurn, Mycoplana rubru and Protaminobucter ruber contained ubiquinones as their sole isoprenoid quinones. The isoprenoid quinone data correlate well with major trends in coryneform taxonomy and are of value in the classification of coryneform and related bacteria. , the coryneform group of bacteria accommodates the genera Arthrobacter, Cellulornonas, Corynebacterium and, tentatively, Kurthiu, with Brevibacterium and Microbacterium described as genera incertae sedis. The genus Curtobacterium (Yamada & Komagata, 1972) proposed for certain ' motile brevibacteria ' and the plant pathogens Corynebacterium j?accumfaciens and Corynebucterium poinsettiue should also be added to the coryneform group.
Improvements in the classification of coryneform and related bacteria have mainly been due to numerical phenetic studies (e.g. Bousfield, 1972; Jones, 1975) , DNA base composition determinations (e.g. Bousfield, 1972; Skyring & Quadling, 1970; Yamada & Komagata, 1970b; Bowie et al., 1972; Crombach, 1972; Starr et al., 1975 ), wall analyses (e.g. Schleifer & Kandler, 1972 Keddie et al., 1966; Yamada & Komagata, 1970a , 1972 Keddie & Cure, 1977) and mycolic acid analyses Alshamaony et al., 1976; Keddie & Cure, 1977) . Preliminary data also suggest that isoprenoid quinone analyses may provide 0 0
good characters for the classification of coryneform and related taxa (Yamada et al., 1976; Collins et al., 1977) .
Isoprenoid quinones are widely distributed in bacteria and two major structural groups can be recognized, menaquinones (vitamins K) (I) and ubiquinones (coenzymes Q) (11). Menaquinones, 2-methyl-3-polyprenyl-1,4-naphthoquinones, display structural variations which may include the length and degree of hydrogenation of the polyprenyl side-chain, hydroxylation (Allen et al., 1967) and possibly epoxidation (Friis et al., 1967) . Ubiquinones, 2,3-dimethoxy-5-methyl-6-polyprenyl-1,4-benzoquinones, also show variations in the length and degree of saturation of the side-chain (Thomson, 1971) .
Coryneform and related bacteria can be divided into several groups on the basis of menaquinone composition (Yamada et al., 1976; Collins et al., 1977) . Thus, while human and animal parasitic corynebacteria contain predominantly dihydromenaquinones with eight isoprene units, abbreviated as MK-8(H2) (see Biochemical Journal, 1975, 147, 15-2 1 for standard nomenclature and abbreviations), Corynebacteriurn bovis, Corynebacterium glutamicum and Mycobacteriurn strains have dihydromenaquinones with nine isoprene units, MK-9(H2), as major components (Beau et al., 1966; Yamada et al., 1976; Collins et al., 1977) . Tetrahydromenaquinones with eight isoprene units have been found in Nocardia and Arthrobacter simplex strains (Yamada et al., 1976; Collins et al., 1977) whereas MK-9(H4) has been reported in strains of Cellulomonas (Yamada et al., 1976) , Oerskovilz (Collins et al., 1977) and Propionibacteriurn (Schwartz, 1973 ; Sone, 1974) .
This report presents the results of the mass spectral analysis of isoprenoid quinones from isolates bearing the labels Arthrobacter, Brevibacterium, Cellulomonas, Corynebacterium, Curtobacterium, Kurthia, Microbacterium, Mycobacterium, Mycoplana, Nocardia, Oerskovia and Protaminobacter.
M E T H O D S
Cidfiues. The test strains ( Table 1) were maintained on nutrient agar (Oxoid), and on Dorset Egg and Loeffler serum slopes (Cowan, 1974) at room temperature.
Cultivution. Strains were grown in shake flasks of nutrient broth [containing (per litre) l o g peptone L34 (Oxoid), 8 g Lab Lemco L29 (Oxoid) and 5 g NaCl, pH 7-41 for 3 d at 30 "C. Cultures were checked for purity, killed with formaldehyde (1 %, v/v), harvested by centrifugation, washed with distilled water and freeze-dried.
Extraction and piirification of isoprenoid qirinones. Dried organisms were examined by the method of Collins et ul. (1977) .
Mass .spec'frometr.v. Maqs spectra of the purified isoprenoid quinones were recorded on an AEI MS9 instrument using a direct insertion probe, an ionizing voltage of 70 eV and a temperature range of 190 to 230 'C.
Partial mass spectra of the isoprenoid yuinones of all the strains listed in Table 1 
R E S U L T S
Extracts of the test strains contained either menaquinones or ubiquinones which cochromatographed with standards of vitamin K and ubiquinone-9, respectively. Menaquinones were detected in 85 strains and ubiquinones in the remaining 10. The most intense peaks in the mass spectra of menaquinones occurred at m/e 187 and 225 and were derived from the naphthoquinone nucleus. The ubiquinones produced base peaks at m / e 235, derived from the benzoquinone nucleus, and intense peaks at m / e 197. The mass spectra in the high mass region contained strong peaks corresponding to molecular ions (M+) with smaller peaks at M+ -15 corresponding to the loss of a methyl group from the molecular ion. Details of the mass spectral analyses are shown in Tables 2 to 6.
Corynebacteria from animal sources, and strains labelled Arthrobacter roseoparafinus. Brevibacterium linens, Brevibacterium paraflnolyticum, Brevibacterium sterolicum, Corynebacterium fascians, Corynebacterium hydrocarboclastus, Corynebacterium rubrum and Microbacterium jlavum contained, as major components, menaquinones having eight isoprene units with one double-bond hydrogenated ( Table 2 ). In contrast, the saprophytic corynebacteria, Microbacterium ammoniaphilum and variously labelled Arthrobacter and Brevibacteriurn strains possessed dihydromenaquinones with nine isoprene units as major components (Table 3 ). The single representatives of Arthrobacter variubilis and Bmvibacterium stationis contained comparable amounts of MK-8(H2) and MK-9(H2) (Tables 2, 3). Tetrahydrogenated menaquinones with eight isoprene units were found in Arthrobacter simplex and Arthrobacter turnescens (Table 4) whereas MK-9(H4) was the predominant isoprenologue in Brevibacterium fermentans, Corynebacterium manihot, Nocardia cellulans, Oerskovia xanthineolytica and Cellulomonas strains (Table 4) . Kurthia zopjii strains contained MK-7 as the major isoprenologue with smaller quantities of M K-6 ( Table 5) . Curtobacterium citreum and Curtobacterium luteum possessed MK-9 as the major component, and essentially similar patterns were found in strains labelled Brevibacterium su&mwn, Corynebacterium betae, Corynebacterium jlaccumfaciens, Corynebacterium nebraskense and Corynebacterium poinsettiae ( Table 5 ). The mass spectra of the menaquinones from Corynebacterium aquaticum and Microbacterium lacticum are characteristic since they contain peaks of comparable intensity at m / e 852 and 920, corresponding to MK-I0 and MK-11, respectively, and smaller peaks at m/e 716, 784 and 988 corresponding to the minor components MK-8, MK-9 and MK-12, respectively ( Table 5 ).
The Corynebacterium auto trophicum, Corynebacterium nephridii, Mq'coplana rubra and Protaminobacter ruber strains possessed ubiquinones as the sole isoprenoid quinones with Q-ZO and Q-IO(H,) predominating (Table 6 ). The single strains of Brevibacterium leucinophagum and Mjqcobacterium J-lavum contained Q-9 and Q-10, respectively, as the major isoprenologues. Table 6 . Peaks corresponding to molecular ions in the mass spectra of ubiquinones from organisms having ubiquinones as sole isoprenoid quinone components
The main component in each series is denoted by + + +, any components greater than 50 7; of the main peak by + +, and all other significant components by + . 
D I S C U S S I O N
The strong chemical case for restricting the genus Corynebacterium to the human and animal strains and related saprophytic bacteria (Schleifer & Kandler, 1972 ; Keddie & Cure, 1977) is supported by data derived from the application of other taxonomic methods (Barksdale, 1970; Bousfield, 1972 ; Jones, 1975) . Considering chemical characters only, Corynebacterium sensu stricto can be restricted to those bacteria having a wall chemotype IV, a DNA base composition in the range 48 to 59 mol % G + C and relatively low molecular weight mycolic acids (20 to 38 carbon atoms) (Keddie, 1976 (Keddie, , 1978 Keddie & Cure, 1977 , 1978 Minnikin et al., 1978) .
The true corynebacteria can be divided into two groups on the basis of menaquinone composition. Thus, the human and animal pathogens and related strains possess MK-8(H2) as the major isoprenologue whereas Corynebacterium bovis and Corynebacterium glutamicum contain MK-9(H2) (Collins et al., 1977) . The glutamic acid-producing strains Arthrobacter albidus, Brevibacterium ammoniagenes, B. divaricatum, B. jlavum, B. immariophilum, B. lactofermentum, B. roseum, B. sacchavolyticum, Corynebacterium callunae, C. herculis and C. Iilium also contain MK-9(H2) as the major component, have a wall type IV and, where tested, contain mycolic acids similar to those of true corynebacteria Keddie & Cure, 1977) . All of these strains should be transferred to the genus Corynebacterium sensu stricto (Barksdale, 1970 ; Minnikin et al., 1978) . Corynebacterium melassecola and Microbacterium ammoniaphilum also contain predominant amounts of MK-9(H2) and so may belong to Corynebacterium sensu stricto, although further studies are required to confirm this. The menaquinone data do not contradict the view that many of the glutamic acid-producing nomenspecies should be reduced to synonymy with C. glzrtamicum (Abe et al., 1967; Bousfield & Goodfellow, 1976) .
The classification of strains labelled Corynebacterium equi, C. fascians, C. hydrocarboclastus and C. rubrum in the genus Rhodococcus (Goodfellow & Alderson, 1977) is not contradicted by the menaquinone data. The type strain of Brevibacterium linens also possesses MK-8(H2) as the major isoprenologue but, unlike the animal pathogenic corynebacteria and rhodococci, it does not contain mycolic acids . Strains labelled Arthrobacter roseoparafinus, Brevibacterium parafinolyticurn and B. sterolicum contain major amounts of . Further studies are required to determine whether these taxa should be transferred to the genus Corynebacterium or to Rhodococcus.
The genus Arthrobacter is heterogeneous, and Arthrobacter globformis and related straills can readily be distinguished from A . simplex and A . tumescens (Schleifer & Kandler, 1972; Keddie, 1974; Keddie & Cure, 1977) . The menaquinone results underline this division since A . globformis, A . crystallopoietes, A. polychromogenes and A . ureafaciens contain predominant amounts of MK-9(H2) ( Table 3) whereas A. simplex and A . tumescens possess major quantities of MK-8(H4) ( Table 4) as do nocardiae (Yamada et al., 1976) . However, unlike nocardiae, these arthrobacters do not contain MK-6(H4) (Collins et al., 1977) . Our data cast doubt upon the report that A. crystallopoietes contains a ubiquinone (Kostiw et a/., 1972) .
The integrity of the genus Curtobacterium is supported by the menaquinone data, for the curtobacteria, Corynebacterium paccumfaciens and Corynebacterium poinsettiae contain MK-9 as the major isoprenologue. Further systematic work needs to be carried out on Curtobacterium (Brevibacterium) testaceum which has been reported to contain MK-11 (Yamada et al., 1976) . The Brevibacterium sulfureum and Corynebacterium nebraskense strains also contain menaquinones with nine isoprene units and should be compared further with curtobacteria. It has been suggested that B. sulfirreum should be transferred to the genus Arthrobacter (Yarnada & Komagata, 1972) and there is a good deal of evidence to support this (Yamada & Komagata, 1970b; Schleifer & Kandler, 1972; Keddie & Cure, 1977 , 1978 . However, the menaquinone data are at variance with the proposal to reclassify B. sulfureum in Arthrobacter and additional strains of this taxon need to be compared with arthrobacters and curtobacteria.
The present study (Table 4 ) confirms that MK-9(H4) is the major isoprenologue of cellulomonads and oerskoviae (Collins et al., 1977; Yamada et al., 1976) but the walls of representatives examined contain ornithine and lysine, respectively (Prauser et ul., 1970; Keddie & Cure, 1977) . Brevibacterium fermentans, Corynebacterium manihot and Nocardia cellulans also contain major amounts of MK-9(H$ and all three have been found to contain lysine in their walls (Keddie & Cure, 1977 ; I. J. Bousfield, personal communication) suggesting a close affinity with Oerskovia.
Kurthiu zopfii strains contain MK-7 as the predominant component and can thereby be distinguished from all coryneform and actinomycete strains examined to date (Collins et al., 1977; Yamada et al., 1976) . Kurthiae can also be distinguished from the coryneforms by their morphology and low G C content (L. R. Hill, personal communication), and they have been recovered as a distinct homogeneous phenon in numerical phenetic surveys (Jones, 1975; Wilkinson & Jones, 1977) .
The Corynebacterium aquaticum and Microbacterium lacticum strains also had an unusual menaquinone composition consisting of comparable amounts of MK-I0 and MK-II as the major isoprenologues. However, C. aquaticum can readily be distinguished from M . lacticum, because the former contains D-diaminobutyric acid as the major diamino acid of the peptidoglycan whereas the latter possesses L-lysine (Schleifer & Kandler, 1972) .
The recovery of ubiquinones from Brevibacterium leucinophagum, Corynebacterium autotrophiciim, Corynebacterium nephridii, Mycobacterium flavum, Mycoplana rubra and Protaminobacter ruber indicates that the classification of these taxa requires further study. Ubiquinones are common in Gram-negative bacteria (Thornson, 1971) but are rare in coryneform bacteria (Minnikin et aE., 1978) . Jones & Weitzman (1974) found that Brevibacterium Ieucinophugum was Gram-negative and proposed its transfer to the genus Acinetobacteu. The recovery of major amounts of ubiquinones with nine isoprene units from B. keucinophugum supports this assignment, as Acinetobacter strains also possess Q-9 a5 their major isoprenologue (Makula et aE., 1975) .
The results of the present study confirm and extend earlier work (Yamada et ul., 1976 : Collins et a/., 1977 which showed the value of isoprenoid quinone analyses in the classification of coryneform and related taxa, but further studies are necessary to evaluate the full potential of such analyses.
